Objective: This study was a prospective, randomized controlled trial of rapid sequence intubation (RSI) with cricoid pressure (CP) within the emergency department (ED). The primary aim of the study was to examine the link between ideal CP and the incidence of aspiration.
Results: Fifty-four RSIs were analyzed (25 measured/29 control). Macroscopic contamination of the larynx at RSI was observed in 14 patients (26%). During induction (0-50 seconds), both groups delivered in-range CP. During intubation (51-223 seconds), laryngoscopy was associated with a reduction in mean CP below 3.060 kg in both groups. When compared, there was no statistically significant difference between the groups. For 11 patients, pepsin was detected in the oropharyngeal sample, while three were positive for tracheal pepsin. Seven patients (four control/three measured) were treated for clinical aspiration during hospitalization. As a result of the finding that neither group could maintain ideal range CP during laryngoscopy, the trial was abandoned.
Conclusion: Laryngoscopy provides a counter force to CP, which is negated to facilitate tracheal intubation.
The concept that a static 3.060 to 4.075 kg CP could be maintained during laryngoscopy and intubation was rejected by our study. Whether a lower CP range could prevent aspiration during RSI was not explored by this study. R apid sequence intubation (RSI) involves administration of anesthetic and neuromuscular blocking agents in rapid succession to facilitate endotracheal intubation. 1 In a 1961 nonrandomized, uncontrolled case series, Sellick 2 described esophageal occlusion "by backwards pressure on the cricoid ring against the bodies of the cervical vertebrae" during RSI in 26 high-risk anesthetic cases. In three cases, release of the cricoid pressure (CP) after intubation was associated with immediate reflux into the pharynx of gastric and esophageal content. In 1961 induction of anesthesia occurred with the head down, slightly turned and CP was applied by the nurse accompanying the patient.
2,3
Sellick's single observation linked CP and prevention of aspiration during RSI and CP became a component of high-risk RSI in both adult and pediatric populations. 4, 5 Ideal CP is conceptualized in the following manner, 1.03 kg (10 N) of force can be applied to the cricoid cartilage in an awake patient which is increased to 3.060 kg (30 N) once the patient loses consciousness. 6 When CP is delivered beyond 4.075 kg (40 N), architectural change in the trachea impedes intubation or is associated with esophageal rupture and should be avoided. 7 The aim of the study was to compare the rates of aspiration (defined by the detection of pepsin in the pulmonary aspirate) when the magnitude of applied CP was displayed throughout the RSI attempt for one group (measured) and concealed for the other (control) group.
METHODS

Study Design
This prospective, randomized trial compared two methods of CP application in patients undergoing RSI within the emergency departments (EDs) of two regional hospitals in NSW, Australia. The study protocol was registered (ACTRN12611000587909); full methodology was published 8 and approved by the Hunter New England and the North Coast Area Health Service Human Research Ethics committees.
Study Setting and Population
ED patients ≥ 18 years of age needing RSI were enrolled prospectively. The indication for RSI was at the treating emergency physician's discretion. Exclusion criteria included cardiopulmonary resuscitation on arrival at ED or if death was deemed inevitable. Consent was sought from the patient prior to RSI or from the next of kin.
Application of CP was standardized by a mandatory education program including an instructional video. CP was maintained throughout RSI until intubation was completed, unless otherwise instructed by the intubating physician. The duration of RSI was defined as the time from CP application to confirmation of endotracheal tube placement with an end-tidal CO 2 trace. All laryngoscopy was direct, using an appropriately sized Macintosh blade.
Interventions CP Measurement. Platform scales with a mounted liquid crystal display, set to measure in 0.01-kg increments, were used to measure CP during RSI (Model PT270, PT Global Pty Ltd). The scales were positioned next to the bed before RSI was commenced. Weight data were collected via a serial data logger (Model SDX, Photologic Ltd) onto a SD card. The scales transmitted 60 data points per second (negative kilogram difference from the tare weight).
For the measured group, the CP operator monitored the digital display throughout RSI and aimed to maintain the CP between 3.060 and 4.075 kg (equating to a force of 30-40 N). For the control group, the CP operator stood on the weighing scales but was blinded to the force delivered during RSI. Randomization took place at the point of enrollment, with a directive contained within the enrollment pack.
Outcomes
The primary and secondary outcomes of the original protocol related to differences in pepsin detection rates and grade of laryngeal view at RSI, 9 complications associated with intubation, complications within 30 minutes of RSI, and 28-day hospital mortality, between the control and the measured groups. After completing the initial analysis of the load cell data of the first 70 enrollments, neither group maintained CP within the prescribed range during laryngoscopy. This unexpected finding is presented.
Sample Size and Data Analysis
The sample size to detect an 11% difference in the incidence of aspiration with a 90% confidence and an alpha error of 0.05 was calculated at 106 patients in each group, assuming that the CP applied by the measured group was consistently between 3.060 and 4.075 kg. Interim safety analyses at 70 and 140 patient enrollments were planned to detect harm.
All data were entered into Microsoft Excel (2013) spreadsheets. Average CP per second was calculated and displayed graphically to determine the commencement of CP and intubation completion time points. Data were analyzed using IBM SPSS Statistics for Windows (Version 22.0, IBM Corp). In view of the sample size, normally distributed continuous data and ordinal data (or nonnormally distributed data) were described as the median with interquartile range. Means were compared using a t-test.
RESULTS
Seventy patient enrollments occurred, between February 2011 and November 2013. Sixteen patients were excluded from analysis due to failure of the SD card reader to log CP during intubation, incomplete consent or incomplete data sheet. CP analysis was undertaken on 54 patients (25 measured/29 control).
Characteristics of the Study Subjects
There were no significant differences in the baseline characteristics of the two groups including mean age, 28-day mortality, mean APACHE II score, or preintubation Glasgow Coma score < 8 ( Table 1 ). The mean time for completed RSI in the measured and control groups were 137 seconds (95% CI = 106.13 ≤ CI ≤ 169.39) and 131 seconds (93.59 ≤ CI ≤ 167.16), respectively (t = 0.284, df = 52, p = 0.777). Continuous CP data are presented and compared for 223 seconds for both groups; this represents one standard deviation (SD) around the mean time to complete RSI for the CP measured group.
Application of CP
There were no differences between the mean CP applied between the two groups at any stage of the RSI. During the induction phase of the RSI 1 to 50 seconds (application of CP until commencement of laryngoscopy) the mean CP delivered by both groups was within the prescribed range for ideal CP: control CP 3.57 kg (2.48) and 3.16 kg (0.58) for the measured group (t = 0.823, Figure 1 demonstrates the aggregated data logs of the two groups throughout the first 223 seconds of each RSI. Macroscopic contamination of the larynx at RSI was observed in 14 patients (26%): seven patients in the measured group and seven patients in the control group. Eleven patients had pepsin detected in the oropharyngeal sample, while three were positive for the tracheal pepsin assay. Seven patients (four control/three measured) were treated with antibiotics for clinical aspiration during hospitalization; this group included the three patients who had tracheal pepsin detected.
DISCUSSION
The outcomes of the trial were based on the assumption that the ideal range CP could be delivered and maintained during RSI. Our analysis demonstrated that there was no clinically significant difference between the CP delivered during RSI by either group. Importantly, both delivered CP below the lower limit of CP thought to be required to prevent aspiration during the intubation phase of the RSI.
Key to the assumption around CP is that Sellick's "firm pressure" could be maintained throughout RSI. During the induction phase of RSI, both groups achieved the target range for CP. With the commencement of laryngoscopy, both groups failed to maintain CP above 3.060 kg. Many studies have focused on training to improve the likelihood of delivering CP within the range of 3.060 to 4.075 kg, our data raise the possibility that maintaining that range was not possible during laryngoscopy and that "upward" laryngoscopic pressure must overcome downward CP to visualize the larynx during RSI. Whilst CP the may provide some protection from aspiration during the induction phase of RSI, neither group maintained the prescribed CP during laryngoscopy. The clinical and biochemical aspiration rates of 13% (7/54) and 5% (3/54), respectively, are both consistent with previously published estimates of aspiration during RSI in the ED.
LIMITATIONS
The use of direct laryngoscopy limits the potential external validity of the findings. It is conceivable that video laryngoscopy or hyperangulated techniques require less force to overcome the downward CP. The scales used and the method of ensuring exclusive force delivery through the cricoid ring were not infallible; some measurements may have been inaccurate or the cricoid ring not correctly identified. The use of scales for real-time CP monitoring is novel and may be prone to inaccuracy. Technical failure of the enrollment protocol and equipment also limited the number of patients analyzed at the predetermined analysis point. Finally, it is possible that repetitive use of the scales could act as a task trainer and "in-range" CP may have increased because of the study protocol.
CONCLUSION
Our data demonstrate that cricoid pressure was successfully applied during the induction phase of rapid sequence intubation. During the intubation phase the applied cricoid pressure fell below the lower limit of the prescribed range. Our data suggest that downward cricoid pressure needs to be at least partially overcome to optimally visualize the larynx. The concept that a static force of 3.060 to 4.075 kg can be applied to the cricoid and maintained in that range during laryngoscopy is refuted by our study. Whether a lower cricoid pressure range could prevent aspiration during rapid sequence intubation was not explored by this study.
